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Soil respiration (RS) is an important carbon budget in urban ecosystem. In order to better understand the
limiting factors affecting urban soil respiration, we measured RS, soil temperature, soil moisture content,
soil organic carbon (SOC), nitrogen (N), C/N, dissolved organic carbon (DOC), microbial biomass carbon
(MBC), NO3
-N, NH4
þ-N, P and ﬁne root biomass from twelve sites of four green-land types (campus
green-land, park green-land, residential green-land and factory green-land) for two years in built-up
areas of Hefei, China. The results showed that average annual RS was signiﬁcantly lower in the residential
green-land (1.35 μmol m2 s1) than in the campus (2.64 μmol m2 s1) and park (2.51 μmol m2 s1)
green-lands. RS positively increased with soil temperature at the range of 2.01–31.26 °C, and Q10 values
ranged from 1.48 to 1.65 in the four types of green-lands. Soil moisture (18–25%) showed signiﬁcantly
positive correlation with soil respiration (Po0.01). When precipitation occurred frequently in wet
summer, soil moisture served as the dominant control on RS variations. RS was positively related with
SOC, NO3-N, P and ﬁne root biomass (diameter o2 mm), while negatively correlated with DOC at 0–
10 cm depth. Our results indicate that decreasing RS may be an optional way to increase carbon se-
questration potential for urban ecosystem, and this can be achieved by regulating green-land types and
applying appropriate soil nutrients maintenance practices.
& 2016 International Research and Training Center on Erosion and Sedimentation and China Water and
Power Press. Production and Hosting by Elsevier B.V. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Soil store about four times as much carbon as plant biomass,
and soil respiration (RS) is the key process in the terrestrial carbon
cycle, thus it is crucially important to global carbon balance (Karhu
et al., 2014). RS includes three biological processes (root respira-
tion, microbial respiration and fauna respiration), which are con-
trolled by complex environmental and biotic factors. Therefore,
understanding detailed information about RS and its controlling
factors is essential to predict the response of RS to the changes of
environment (Wang et al., 2015).
RS is mainly dependent on soil temperature (Bond-Lamberty &
Thomson, 2010; Karhu et al., 2014; Laganiere, Pare, Bergeron, &
Chen, 2012). Other biotic and abiotic factors such as vegetation
types, root biomass, soil moisture content, precipitation, soil tex-
ture, soil organic carbon (SOC) content, nitrogen (N), carbon (C)/N
ratio and phosphorus (P) can not only inﬂuence RS, but also alterg Center on Erosion and Sedimenta
nse (http://creativecommons.org/l
ndscape Architecture, Anhui
hui, PR China.
esearch and Training Center
Power Press.temperature sensitivity to RS (Zeng, Zhang, Shen, Cao, & Zhao,
2014; Zhou & Zhang, 2014; Su, Huang, Lin, & Zhang, 2016; Shen, Li,
& Fu, 2015; Yazdanpanah, Mahmoodabadi, & Cerdà, 2016). Many
studies about RS have been carried out in agricultural (Kaisermann
et al., 2013; Gonzalez-Ubierna, Teresa de la Cruz, & Angel Case-
rmeiro, 2014), forest (Chen et al., 2015; Taylor et al., 2015) and
grassland ecosystem (Wang et al., 2014; Escolar, Maestre, & Rey,
2015). And have attempted to link RS to vegetation characteristics,
quantity and quality of litter fall and soil microenvironment on
global or regional scale.
In urban environments, green-lands are developed for various
welfares for urban citizens. Park, campus, factory and residential
green-lands are four major land use types of green space, con-
tributing greatly to urban ecological system. And with the accel-
eration of global-scale urbanization, urban infrastructure directly
impacts soil properties, thus resulting in a large variation in soil
carbon dynamics. However, there are still lack systematic and
further study on soil respiration in urban ecosystem, and the few
researches that exist are not specially designed to isolate the effect
of green-land types. For example, Chen et al. (2013) measured RS
in a mixed urban forest in China, but the lack of green-land types
made it impossible to represent the whole urban ecosystem.
Sarzhanov et al. (2015) compared RS in different functional zonestion and China Water and Power Press. Production and Hosting by Elsevier B.V. This
icenses/by-nc-nd/4.0/).
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not eliminated. Lack of continuous measurements limit our un-
derstanding of carbon dynamic mechanisms in response to its
environmental drivers in urban ecosystem. So it is necessary to
build urban ecosystem RS database and identify key inﬂuencing
factors of RS.
In order to better understand the effects of controlling factors
on characteristics of urban RS, variations in RS and soil properties
of the four green-lands were investigated based on two years of
ﬁled measurements. Our speciﬁc goals were to determine the
seasonal and spatial variations in urban RS and to analyze the ef-
fect of environmental factors on RS. The long-term objects of this
study is to assess possible impacts of land use change made by
urbanization on urban soil carbon efﬂux.2. Materials and methods
2.1. Site description
Field investigations were conducted in Hefei, Anhui Province
(117°11′–117°22′ E, 31°48′–31°58′ N). Zonal soil is yellow brown soil
and classiﬁed as alﬁsols according to the USDA soil taxonomy. The
region is characterized by a northern subtropical monsoon climate,
with hot, humid summers and dry, cold winters. The average of
annual air temperature is 15.7 °C, and the average annual pre-
cipitation is 1000 mm, of which about 50% falls in the hot season
ranging from June to August. The built-up area of the city is ap-
proximately 339 km2, with 34.5% green land ratio, 39.5% greenery
coverage, and 9.3 m2 public green areas per capita in the urban
area.
Sample sites were selected from each of four urban green-lands
including campus green-land (CGL), park green-land (PGL), re-
sidential green-land (RGL), and factory green-land (FGL), and three
analytical replicates were prepared for each type. All sample sites
experienced no anthropogenic interference for over ten years. To
eliminate the inﬂuence of vegetation type on RS, all the vegetation
at the selected sites were exclusively Cinnamomum camphor -
Liriope spicata communities.
Table 1 lists major soil properties of the four green-land types
in 0–30 cm soil depth under study. In comparisons with the RGL
and FGL, the CGL and PGL had higher contents of SOC, NO3–N, P,Table 1
Major physiochemical properties of the four types of urban green-lands in 0–30 cm soi
Basic conditions CGL PGL
SOC content (g kg1) 13.9470.50 13.4872.37
N content (g kg1) 0.8970.58 0.9370.09
C/N ratio 11.4270.40 14.3871.34
DOC content (mg kg1) 82.0577.78 65.5970.68
MBC (mg kg1) 262.42741.35 295.92754.32
NO3–N (mg kg1) 1.5670.22 1.4470.87
NH4þ–N (mg kg1) 0.6670.08 0.6370.10
P (g kg1) 0.3770.03 0.4370.04
Density (g cm3) 1.3570.08 1.3970.19
Fine root biomass (g m3) 256.22762.88 145.3275.30
Sand content
(1oRo0.05 mm) (%)
4.8270.92 9.6273.43
Clay content (%) 35.25 31.26
Slit content (%) 51.84 49.85
Tree age (year) 20 22
Tree height 9.83 10.08
Density (trees per hectare) 51 52
Diameter at breast height 17.91 17.59
Soil type Lomy clay Silty clay
Management Remove litterfall from green-
lands, without irrigation and
fertilization
Remove litterfall fro
lands, without irrig
fertilization.and ﬁne root biomass. In terms of DOC and NH4þ–N content, the
RGL and FGL sites were higher than the CGL and PGL sites. Soils at
the RGL sites had higher N content, but lower C/N ratio (Table 1).
Notes: The amounts are normalized to the dry weight of soil
sample from each sampling site. Abbreviations: CGL, campus
green-land; PGL, park green-land; RGL, residential green-land;
FGL, factory green-land; SE, standard error.
2.2. Soil respiration measurement
Soil respiration rate was measured using a portable photo-
synthesis system (LI-6400, LI-COR Inc., Nebraska, USA) equipped
with a LI-6400-09 soil CO2 ﬂux chamber (Jin, Bai, & Zhou, 2010). A
PVC collar (80 cm2 in area and 8 cm in height) was inserted into
the green-land ﬂoor to a depth of 3 cm at each sample site, at least
24 h before the ﬁrst measurement. All live plants and litter left in
the collar were removed to prevent aboveground plant respiration.
In order to reduce spatial heterogeneity variance of RS, six soil
collars were randomly deployed in each sample site.
RS was measured every two months for two years from April
2011 to April 2013 continuously. Measurements of RS were carried
out normally on sunny day. If rain occurred, the measurement was
carried out after the rain stopped for at least 24 h. During each
measurement cycle, we measured respiration rates on sites for 12
days (4 types3 replicates). On each sampling day, measurements
were made continuously between 7:00 a.m. and 7:00 p.m. local
time. Temporal soil temperature at 5 cm was recorded simulta-
neously adjacent to each PVC collar using a thermocouple attached
to LI-6400.
2.3. Soil sampling and chemical analysis
Three pits were selected randomly at each sample site. Soil
samples were collected and analyzed to determine the contents of
sand, clay, silt, soil moisture, dissolved organic carbon (DOC), mi-
crobial biomass carbon (MBC), P, N, SOC, NH4þ–N and NO3–N
according to 0–10 cm, 10–20 cm and 20–30 cm respectively. Brieﬂy,
DOC concentration was measured using MultiC/N3100 TOC ana-
lyser (Jones & Willett, 2006). The concentrations of NH4þ–N and
NO3–N were examined using FIAStar5000 ﬂow injection analy-
zer, as described in Zhang, Xu, Wang, and Liu (2010). P content was
determined by the HNO3-HClO4 reagent digested method (Xu,l depth (mean7SE).
RGL FGL
6.6271.35 9.2574.20
1.7370.20 0.8870.13
3.7470.34 10.9575.94
98.11717.07 101.6876.69
249.09718.21 150.98741.95
0.7870.29 0.4170.09
0.7770.08 0.7370.11
0.2370.04 0.1970.05
1.3270.03 1.4670.05
38.8071.85 87.2173.33
4.8170.67 2.4270.51
34.85 40.35
50.26 51.63
21 18
9.08 9.01
50 49
16.46 17.11
Silty clay Clay
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Fig. 1. variations of soil respiration in the four types of green-lands across mea-
surement periods. Error bars are 7SE. RGL, residential green-land; FGL, factory
green-land; PGL, park green-land; CGL, campus green-land.
0
10
20
30
40
June Aug Oct Dec Feb Apr June Aug Oct Dec Feb Apr
So
il 
te
m
pe
ra
tu
re
 (°
C
)
Time (Month)
RGL FGL PGL CGL
2012 20132011
Fig. 2. Seasonal variations in soil temperature at a depth of 5 cm in the four types
of green-lands.
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Fig. 3. Relationship between soil respiration and soil temperature at 5 cm depths
in the four types of green-lands.
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lyzed using CN analyzer (Multi N/C 3100, Jena Analytik). MBC was
assayed by the chloroform fumigation-extraction method (Spohn,
Klaus, Wanek, & Richter, 2016).
In each sample site, three 1 m2 microplots (nested within site)
were selected randomly, and the biomass of ﬁne root (diameter
o2 mm) was assessed according to the depth of these three soil
layers. Live root biomass were removed by hand, rinsed with
water, oven-dried at 65 °C for 24 h, and then weighed.
2.4. Data analysis
For individual factors, means7SE were calculated from three
replicates. Mean comparisons between the soil samples were
conducted using SPSS software version 13.0 (SPSS Institute, Chi-
cago, IL, USA). A difference with Po0.05 was considered
signiﬁcant.
One-way analysis of variance (ANOVA) was performed to ex-
plore signiﬁcant difference of average RS, soil temperature and
moisture content across green-land types and sampling time
points, respectively. Under the assumption of homogeneity of
variance, the LSD method was used, otherwise Tamhame's T2
(M) method was used. The correlations were calculated by Pear-
son's correlation coefﬁcient to test potential relationships between
RS and controlling factors.
Soil temperature data at a depth of 5 cm soil layer were re-
corded during the ﬁeld RS measurements, and used to model the
relationship between RS and temperature and develop stand-
speciﬁc RS models. To ﬁt RS data with soil temperature, a two-
parameter exponential model that is widely used in ﬁeld RS stu-
dies was chosen (Laganiere et al., 2012; Wang, Jiang, Jia, Wang, &
Zhou, 2010).
= ( − )R aeb T 10
where R is the measured soil respiration, T is the soil tem-
perature (°C) at a depth of 5 cm, a is the average rate of soil re-
spiration at 10 °C, b is the changing rate of R with a unit change of
T (5 cm). The b values were also used to calculate Q10 reﬂecting the
temperature sensitivity of RS.
=Q e b10 10
3. Results
3.1. Seasonal variations of RS in four green-land types
For the four types of green-lands, RS rate all increased from
February to August 2012, and then decreased from August 2012 to
February 2013 (Fig. 1). All the RS values of the four types reached
their largest values in August 2012. The ﬁeld measurement data
encompassed a wide range of RS, which were from 0.18 to
2.39 μmol m2 s1 for the RGL, from 0.54 to 4.10 μmol m2 s1
for the FGL, from 0.50 to 5.59 μmol m2 s1 for the PGL, and from
0.86 to 5.09 μmol m2 s1 for the CGL.
Both green-land types and sampling time points had signiﬁcant
inﬂuences on RS (Po0.05). RS was signiﬁcantly lower in the RGL
than in the CGL and PGL (Po0.05), and RS values of February and
December showed signiﬁcant difference with those of April, Oc-
tober, June and August (Po0.05). However, no signiﬁcant differ-
ence was observed in RS between green-land types and samplingtime points (P40.05).
3.2. Variations in RS and soil temperature and moisture
Over the two years, soil temperature recorded at the depth of
5 cm exhibited a marked seasonal pattern (Po0.05, Fig. 2), when
use all the measured data of soil temperature for statistical ana-
lysis, there were no signiﬁcant difference among the four green-
land types (P¼0.34). Surface soil temperatures measured con-
tinuously at 5 cm depth observed in different green-land types
gradually increased from spring, reaching a maximum in July, and
then decreasing consistently towards winter. In general, mid-June
to mid-August was a period of high soil temperature in one year.
Soil temperatures at 5 cm depth in four green-land types were
highly correlated with their RS (Po0.05, Fig. 3). The relationships
between RS and soil temperature were ﬁtted well to two-para-
meter exponential model, and were strongly inﬂuenced by green-
land types (Fig. 3). The annual Q10 values reﬂecting temperature
sensitivity to RS were estimated from the four types of green-lands
Table 2
Annual sensitivity of soil respiration to soil temperature (Q10) in the four types of
green-lands.
parameter RGL PGL FGL CGL
a 0.85170.159 1.51070.324 1.54070.276 1.88770.308
b 0.04770.011 0.05070.013 0.03970.012 0.04570.012
Q10 1.60370.175 1.64970.166 1.47770.148 1.56570.165
Fig. 4. Changes of soil moisture contents at 0–30 cm depth.
Fig. 6. Relationships of soil respiration to soil moisture (0–30 cm) in June and
August 2012.
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Soil moisture contents differed signiﬁcantly with sampling
time points (Po0.05, Fig. 4), while had no signiﬁcant difference
among the four green-land types (P40.05). Statistical analysis
showed that relationship between RS and soil moisture was ﬁtted
with two levels of soil moisture contents (Fig. 5), when soil
moisture was below 18%, no statistically signiﬁcant relationship
(P¼0.45) was found between RS and soil moisture. While, be-
tween 18–25%, RS was signiﬁcantly and positively correlated with
soil moisture (Po0.01). So the threshold of soil moisture content
was set at 18%.
3.3. Variations in RS and precipitation
Soil water supply can inﬂuence soil respiration in many eco-
systems. During the measurement period, precipitation was con-
centrated in June and August of 2012, which was used for analysis
on RS. RS increased exponentially and showed signiﬁcantly corre-
lation with soil moisture content (Po0.01, Fig. 6), while not cor-
related with soil temperature (data was not shown).
3.4. Soil nutrients contents and ﬁne root biomass affect RS
With regards to soil nutrients, their contents at different depths
were used in subsequent analysis due to the poor correlation
among the contents of soil depths. The correlation analysis
showed that RS was signiﬁcantly positively correlated with the
contents of SOC, NO3–N, P, and ﬁne root biomass (Ro2 mm) at
the depth of 0–10 cm, while negatively correlated with DOC. At the
depth of 10–20 cm, RS was also signiﬁcantly and positively related
to the contents of N and P, but such signiﬁcant relationships didFig. 5. Relationships of soil respiration to soil moisture (0–30 cm).not maintain with DOC content. At the depth of 20–30 cm, RS was
only positively correlated with ﬁne root biomass (Table 3).4. Discussion
To our knowledge, this ﬁeld experiment method is among the
ﬁrst attempts to investigate the effect of green-land type on RS
using a replicated block design under urban green ecosystem,
because the sites were selected on the basis of same tree species,
understory vegetation and green-land management (Table 1). RS
was signiﬁcantly affected by green-land types (Po0.05), greater RS
rates were found in campus green-land, these differences in RS are
attributable to the green-land type and its associated soil
environment.
4.1. Seasonal pattern of RS
In the study period, RS change strongly over the seasons
(Po0.05). Mean annual RS and RS in the summer season were 2.17
and 3.21 μmol m2 s1 respectively among all sites. Our annual RS
estimates were similar to a mixed urban forest that found by Chen
et al. (2013) (ranged from 0.28 to 3.62 μmol m2 s1). While the
value of RS in the summer season was lower than what were ob-
served in northern subtropical farmland (4.76 μmol m2 s1) and
natural forest ecosystem (3.68 μmol m2 s1) (Zhao, 2013; Ge,
2012) that not very far away from our study spots, the value seems
reasonable considering the relative poor nutrient contents (Ta-
ble 1), semiarid environmental condition, the removal of litter fall
which could lead to a thinner organic layer and less substrate
supply to soil in urban ecosystem (Chen et al., 2013). In line with
this, Smorkalov and Vorobeichik (2015) found that average CO2
emission in the urban was 1.9–3.5 times lower than that in the
suburbs. However, previous studies have shown the opposite
tendency. For example, Sarzhanov et al. (2015) reported that the
averaged soil respiration from urban soils is 25% higher than that
from the natural soils, and thought the reasons may contribution
to the higher contents of carbon and nutrients in the surface layer
of local urban soils, which are due to redevelopment, remediation
and planting. In a world, the different tendency mainly due to the
background value of soil nutrient content and soil maintenance
management.
4.2. Temperature and moisture effect on RS
In the present study, the changing trends of RS and soil tem-
perature corresponded well to each other. This might be because
the variation of soil temperature is attributable to seasonal chan-
ges of ﬁne root biomass and photosynthetic supply, thus changing
the contribution of ﬁne root respiration to total RS (Widén & Majdi,
2001). In addition, soil temperature could inﬂuence the activities
Table 3
Correlation of Rs with nutrients and biomass at 0–10, 10–20 and 20–30 cm soil depth.
Variable Soil layer SOC N C/N DOC MBC NO3–N NH4þ–N P Fine root biomass
RS a 0.76* 0.31 0.55 0.70* 0.45 0.68* 0.42 0.77* 0.89**
b 0.37 0.74* 0.13 0.70* 0.24 0.09 0.43 0.82** 0.36
c 0.18 0.59 0.48 0.36 0.19 0.54 0.23 0.15 0.72*
Notes: a, b, c refers to the soil layers at the depths of 0–10 cm, 10–20 cm, 20–30 cm, respectively.
* Shows signiﬁcant difference at the levels of 5%.
** Shows signiﬁcant difference at the levels of 1%.
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temperature range, microbial respiration was related to soil tem-
perature, increasing with increasing soil temperature.
The temperature-based Q10 model ﬁt the data well and can be
used to predict Rs of urban green ecosystem with similar green-
land type. The annual value of Q10 was 1.57 that lower than the
average value for all ecosystems on the global scale (2.4) (Flanagan
& Johnson, 2005). Our annual Q10 values were also lower than
what were observed in subtropical evergreen broad-leaved stands
(Q10¼3.29) that not far away from our sites (Li, 2014).
During study periods, when soil moisture content was within
the range of 18–25%, soil moisture had a positive inﬂuence on RS.
This indicated that rates of RS increased from December to June
not only due to the soil warming, but also because of soil moisture
improving from a dry state to a near optimal content. Similarly,
Davidson, Belk, and Boone (1998) reported that in New England
temperate forest, where summers are warm with dry periods and
winters are cool and wet, the inﬂuence of temperature and
moisture content were confounded in soil.
In June and August of 2012, when the interruption of pre-
cipitation occurred frequently. Instead of soil temperature, soil
moisture closely correlated with RS, and adequate soil moisture
made promoting effect on soil respiration, which was the reason
why soil respiration in this periods was signiﬁcantly higher and
wider variation range in different green-land than that in August
2011. Our results also support the view of Flanagan and Johnson
(2005), who found that when the temperature ﬂuctuated little,
soil moisture had an inﬂuence on RS in semi-arid grasslands dur-
ing growing season.
4.3. Effects of soil nutrients and ﬁne root biomass on RS
Soil properties inﬂuence RS through affecting the total pro-
ductivity, allocation of assimilate belowground, and the quantity
and quality of organic matter entering into soil (Chen, Zou, Hu,
Chen, & Lu, 2014). So, it is necessary to examine the effects of soil
properties on RS. In the study sites, soil properties that inﬂuence RS
mainly concentrated on 0–10 cm soil depth, indicating that surface
soil properties have a more tight effects on RS. Our results showed
that RS was positively correlated with SOC, NO3–N, P and ﬁne
root biomass, and negative correlated with DOC in 0–10 cm soil
layer. These relationships were partly found in other ecosystems.
Similar to our ﬁnding, Chen et al. (2014) found that RS posi-
tively correlated with SOC content, and considered that this might
be because lower soil C content limited the microbial activities and
microbial biomass, thus reducing the contribution of microbial
respiration to RS. As suggested by Zhou et al. (2013) who pointed
out that soil C content could indirectly inﬂuence RS through lim-
iting the responses of RS to temperature in semiarid soil.
In the present study, P made a signiﬁcant and positive corre-
lation with RS. This is mainly because the plant root exudates and
ﬁne roots were enhanced by increased P availability. However, it
does not mean that the more phosphorous in the soil the higher
respiration is. When soil is artiﬁcially fertilized by P, in the longterm, it could reduce RS due to decrease in root activity, indicating
that the pattern of distribution of assimilate in the fertilized trees
was changed, and that the carbon into the soil from root turnover
and exudation was reduced (Keith, Jacobsen, & Raison, 1997).
It is assumed that DOC has been considered as an indicator of
soil carbon availability to soil microorganisms. So it could regulate
the variation of soil microbial biomass, which in turn, controls soil
CO2 production. Iqbal et al. (2010) reported a reasonably good
positive correlation between soil CO2 ﬂux and DOC concentration
in vegetable ﬁeld, upland, orchards and pine forest. This was in
consistent with the ﬁndings of Lou, Li, Zhan, and Liang (2004);
Iqbal et al. (2008). However, in this study, we found negative re-
lationship between DOC and RS. This could be due to that the
heavy metals intensiﬁed by human activities and increased trafﬁc
in study sites have exceeds certain concentration, and was boun-
ded by DOC (Guggenberger, Glaser, & Zech, 1994), made a strong
toxic effect on soil microbial community leading to the inhibition
of microbial respiration.
Fine roots positively inﬂuenced RS through the contribution of
rhizosphere respiration and the decomposition of ﬁne roots. Si-
milar studies reported that during growing seasons, the con-
tribution of autotrophic respiration to total RS is about 35–55%
(Borkhuu, Peckham, Ewers, Norton, & Pendall, 2015). Moreover,
the increased respiration would increase root development and
activity of microbes which usually accompanied by the release of
more available nutrients to soil, and thus provide the energy and
the carbon skeletons necessary for new root biomass synthesis
(Luan, Liu, Zhu, Wang, & Liu, 2012).
With regards to the inﬂuence of soil properties on RS, the re-
sults may be inconsistent in different ecosystem. Teklay, Nordgren,
and Malmer (2006) pointed out that correlation between re-
spiration and soil nutrients varied depending on whether N or P
was limiting. When excess N was added (P limiting), pH, available
P and cation exchange capacity generally seemed to be the most
important soil parameters for RS. When excess P was added (N
limiting), SOC and total N were most important. This might be due
to synergistic or antagonistic effects of several controls relating to
environmental conditions, or to the dominance of a new control
when changing the compositions of soil. The effects of soil prop-
erties on RS are still poorly understood in different ecosystems,
and therefore more attention needs to be given towards quanti-
fying the nutrient-induced alterations in RS.5. Conclusions
Urban soil is an important global source of CO2 emission. Our
results showed that soil CO2 emission were signiﬁcantly different
among green-land types, being signiﬁcantly lower in RGL than in
the CGL and PGL. This difference would be mediated through soil
physicochemical properties, while not through variations in soil
temperature since it was not signiﬁcantly different among green-
land types.
RS rate was higher in summer than in winter. The threshold of
X. Tao et al. / International Soil and Water Conservation Research 4 (2016) 224–229 229moisture effects on RS sensitivity was identiﬁed at 18%. At the
range of 18–25%, soil moisture had a positively signiﬁcant effect on
RS. Precipitation obviously inﬂuence RS, after heavy rain occurred,
soil moisture content instead of soil temperature signiﬁcantly in-
ﬂuence RS. Soil temperature increased Rs exponentially, and the
annual Q10 values of RS ranged from 1.48 to 1.65 in four types of
green-lands, lowering than the average value for all ecosystems on
the global scale. This indicates that CO2 efﬂux from urban green-
land under climate warming could release less than other
ecosystem.
Nutrients concentrated in top soil (0–10 cm) mainly inﬂuence
soil-to-atmosphere emission of CO2. The RS was signiﬁcantly cor-
related with the contents of SOC, NO3–N, P, DOC and ﬁne root
biomass (Ro2 mm) at the top layer. This suggest that, apart from
soil temperature, soil moisture and soil nutrients should also be
considered for estimating soil CO2 emission especially at regional
scale. However, it appears that soil CO2 ﬂux responses to en-
vironmental change is highly ecosystem speciﬁc, so it is required
to be veriﬁed across ecosystem types.Acknowledgments
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